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Abstract
Purpose This article summarises the results of a newly
developed technique that utilises Meniscus Arrows
 for the
arthroscopic ﬁxation of displaced tibial spine fractures in
children and adolescents.
Method Twelve tibial spine fractures in the knees of
eleven children between 6 and 15 years old, with an
average age of 12 years, were arthroscopically ﬁxed with
Meniscus Arrows
, after a reduction of their fractures. This
was followed by 5 weeks immobilisation in a plaster of
Paris. Postoperative follow-up included radiographs,
Lachmann tests on all of the children’s knees and KT-1000
tests of eight out of twelve of the children’s knees. The
postoperative follow-up time ranged from 3 to 10 years,
with patients being seen for an average of 4 years.
Results All of the fractures consolidated uneventfully,
and all of the patients returned unrestricted to their previ-
ous activity level. The Lachmann tests revealed no, or a
non-functional, laxity in any of the patients’ knees.
The KT-1000 tests showed a difference between the
operated side, and non-operated side, of between 3 mm in
the ﬁrst knee operated on and an average of 1 mm in the
remaining knees.
Conclusion The arthroscopic ﬁxation of tibial spine
fractures using Meniscus Arrows
 showed that this mini-
mally invasive procedure resulted in the uneventful con-
solidation of all twelve of the fractures, with excellent
results, and without the need for a second, hardware
removal, operation. Level of Evidence: Level IV
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Introduction
Displaced fractures of the tibial spine, type 2 and 3
according to Meyers and Mc Keever, should be replaced
and ﬁxed [17–20]. This kind of fracture is most commonly
found in adolescents and originates from the same trauma
mechanism as the ACL rupture in adults [19, 22]. Screws,
K-wires, a cerclage of suture material or metal wire have
been described as ﬁxation devices [1–3, 8, 12, 15–17, 20].
To reduce the operation-related morbidity, an arthroscopic
procedure is preferred [1–3, 5, 6, 8, 11, 14–16, 19, 20].
However, if non-biodegradable devices are used, a second
operation is often required to remove the hardware [3, 5, 6,
9, 11]. The use of biodegradable devices makes this
removal operation unnecessary. In et al. [7] reported the
application of biodegradable anchors, Perugia et al. [19]
resorbable PDS sutures and recently Liljeros et. al. [13] the
use of biodegradable nails, Smart Nails
 (SNs) for this
indication.
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 (MAs) in bone is eval-
uated in a former study. The average pull-out force of one
Meniscus Arrow
 (MA) out of a human femur condyle is
found to be 68 N and a bone block with three arrows
122 N, according to in vitro extraction tests [23]. SNs need
comparable pull-out forces or less [24]. Data of cerclages
used for this indication are lacking in literature.
A second advantage is that the diameter of the MAs,
1.1 mm in diameter (Ø), is less than half of the diameter of
the smallest available cannulated screws (2.4 mm Ø) and
also thinner than the SNs with a 26% larger diameter of
1.5 mm.
The purpose of this study is to evaluate and present the
results of the use of MAs as ﬁxation devices in the treat-
ment of displaced tibial spine fractures of twelve knees in
eleven children. This gives the advantage of an arthro-
scopic, one-stage operation and, due to their small diame-
ter, also minimises the risk of fragmentation of the
fragment.
Materials and methods
The study design is a prospective, consecutive and
descriptive patient series of twelve knees of eleven
patients: four boys and seven girls treated between 1999
and 2009.
Inclusion criteria were displaced tibial spine fractures
type 2 and 3 according to Meyers and Mc Keever in
skeletally immature patients. Their age varied between six
and 15 years, with an average of 12 years.
Arthroscopic technique
The displaced tibial spine fractures were eleven times
reduced using the MAs insertion device and, in one case,
an anterior cruciate ligament-aiming device. Subsequently,
arthroscopic ﬁxation followed, using different numbers and
lengths of MAs, depending on the size of the fragment and
the distance to the growth plate.
The ﬁxation procedure is as follows: ﬁrst, reduction and
temporary ﬁxation with one Kirschner wire (K-wire,
1.0 mm Ø) under arthroscopic and ﬂuoroscopic control
(Fig. 1). Subsequently, a second drill hole in the fragment
is made through the shaft, inserted along the ﬁrst K-wire,
with a second K-wire under ﬂuoroscopic control, according
to the desired length of the MA. Then, leaving the shaft
exactly in place, the K-wire is exchanged by an MA,
inserted by gentle hammering into the drill hole. Next, the
shaft is placed over the ﬁrst K-wire, and this wire is
replaced by another MA as well. This procedure is repeated
as often as necessary to achieve a ﬁrm ﬁxation of the
fragment.
An arthroscopy cannula (7 mm Ø), in length corrected
by cutting off its end, can be used to facilitate the retro-
patellar passage and to protect the cartilage during the
repeated insertion of the instruments.
Postoperatively, the knees were immobilised in a plaster
of Paris splint for 2 weeks, followed by a circular plaster
for 3 weeks.
During the ﬁrst period, muscle setting exercises com-
menced; during the second period, touching the ground
was allowed as well. After removal of the plaster, all
patients were loading their leg progressively and were
encouraged to perform closed-chain and propriocepsis-
restoring exercises.
During the control visits on outpatient base radiographs,
Lachmann—Anterior Drawer Sign (ADS)—and KT-1000
tests, where possible, were performed.
Results
Consolidation of the fractures occurred in all patients in the
initial position. In general, 4 weeks after plaster removal a
full range of motion was achieved.
A mild anterior–posterior (a-p) laxity was found during
Lachmann and ADS tests in two out of the twelve knees.
Nevertheless, none of the patients complained of giving
away sensations during activities, and they returned to their
previous activity level. The KT-1000 tests showed a
maximum difference of laxity between both knees of 3 mm
in the ﬁrst patient, 2 mm in the second patient, and the next
patients showed a variation of between 1.5 mm and
-0.1 mm (the operated side was 0.1 mm less lax). One
patient sustained, after radiological tests conﬁrmed the
Fig. 1 a The displaced fracture,
b reposition and primary
ﬁxation with a K-wire
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123consolidation of the fracture; a re-fracture 2 years later,
while playing soccer on the previous competition level
again since 15 months. A re-operation was performed,
using ﬁve MAs with an undisturbed course postoperatively,
and again, consolidation of this fracture followed without
sequelae 5 years afterwards.
Discussion
The most important ﬁnding of the present study was the
uneventful consolidation of all fragments in its initial
position after one, arthroscopical, procedure, a minimal,
non-functional a-p laxity and the unrestricted return of all
patients to their previous activity level without any pain.
No operation-related complications or growth distur-
bances occurred.
The ﬁrst two patients showed the largest post-operative
KT-1000 value differences, 3 mm and 2 mm, respectively,
compared to the non-operated side. However, they did not
mention restrictions in their daily activities and previous
sport activities, i.e. gymnastics and soccer. In the next ten
patients, the differences varied between 1.5 mm and
-0.1 mm, due to the learning curve and the awareness of
the necessity of precise reduction of the fragment. This
need for proper reduction is also recently stressed in the
paper of Tudisco et al. [20].
A discretely increased a-p laxity (average 1 mm) is
noted in this series without functional complaints. This is
also described by Kocher et al. [9] and Tudisco et al. [20]
and not resulting in their series to functional complaints as
well. Although larger laxities, like 6 mm, seem to be
tolerated well and do not result in a clinical or subjective
feeling of instability [19], we agree with Tudisco et al.
[20] that aiming at normal values should be the ultimate
goal of the surgical procedure. All patients in this series
reported during the last visit the return to their previous
level of activities and sports, soccer, hockey and gym-
nastics without pain or restrictions. Although not speciﬁed
in KOOS, according to the eight instrumented tests
(KT-1000), the outcome would be seven times normal and
once nearly normal according to the IKDC examination
form 1999.
In general, when metallic ﬁxation devices like screws,
K-wires or cerclage wire are used in the treatment of dis-
placed tibial spine fractures, removal is required during a
second procedure [3, 5, 6, 9, 11], which is in contrast to the
single surgery using MAs.
A second advantage of the MAs is the small diameter
of 1.1 mm. The risk of fragment splitting, compared to
the application of the more bulky cannulated screws of
2.4 mm or more, is minimised, and even fragments, too
small to be ﬁxed with screws, like in very young patients,
can be ﬁxed with MAs. Another advantage of the small
diameter is the possibility of using more devices at the
same time, leading to less damage of the fragment and
a better distribution of the compressive forces, as
Weckstro ¨m et al. stated [21].
The proper length can be measured accurately under
ﬂuoroscopy, avoiding damage to the growth plate, espe-
cially relevant in very young children under the age of
10 years old. Hirschmann et al. [5] describe a physeal
sparingarthroscopictechniqueaswell,usingnon-resorbable
sutures and an extra-articular screw in six patients, but not
withoutdrawbacks.Twotimesthisscrewhadtoberemoved.
One patient was not pain-free at the last visit. A second
disadvantage in our view is that the suture and screw com-
plex is not producing direct compression on the fragment in
its bed, which could be disadvantageous as well.
The arthroscopic insertion of anchors and knotting the
threads [7] appear to be more complex to perform than the
simple drilling and insertion of the nail-like devices like
SNs and MAs. The SNs, already successfully applied for
the ﬁxation of tibial spine fractures and osteochondral
fractures, on the contrary, have the disadvantage of a
substantial, 26% larger diameter of 1.5 mm than the MAs
[4, 13, 21, 24].
The number of reports of chondral damage and implant
failure while using MAs in meniscal surgery is limited to
only a few case reports, like the one of Kurzweil et al.
[10], despite their frequent and worldwide numerous
application in orthopaedic procedures. From 2006, the
heads of the MAs are rounded off and smoothened and
being inserted in the notch, they will not be in contact
with cartilage anyway. In the present series, no implant
failure was found.
This series is of limited size, i.e. 12 knees, restricting the
statistical power of signiﬁcance. However, because of the
infrequent occurrence of this fracture, the numbers in other
series are restricted as well, ranging from 5 [17]t o1 6[ 18].
A large multicentre study will be needed to provide enough
data to compare the different therapies with sufﬁcient sta-
tistical power.
Conclusion
Arthroscopic ﬁxation of tibial spine fractures using
Meniscus Arrows
 is a minimal invasive procedure, which
resulted in uneventful consolidation of all twelve fractures
in this patient series with excellent results and without
the need for a second, hardware removal, operation. The
smaller diameter, compared to the Smart Nail
, makes the
Meniscus Arrow
 arguably the more preferred device for
this indication. Accurate reduction before ﬁxation can
improve the results.
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